The results based on the ground truth (rainfall) data show that many years of drought episode were experienced over the study area. On the other hand, the prime indicators (Land cover and GI maps) used in this study also depicts the changes that took place over the study area in response to this climatic anomaly (drought) and it could be noted that there was dramatic reduction in the occurrence towards the end of the last two decade, 1990-1999, which simply indicated improvement in rainfall even in 2000 and the later years.
Introduction
Most studies have revealed that several drought episodes hit the northern part Nigeria and left the region in a pitiable socio-economic condition. The persistence of this recurrent abnormality in weather condition (Drought) in this part of the country has been attributed to the prevalence of a stagnated anti-cyclonic circulation of the sub-tropical atmosphere over areas that normally should experience the rising arm of the tropical Hadley Cell circulation by mid-summer [1] - [3] . The circulation patterns in the tropics are strongly affected by heat inputs from such sources as warm ocean surfaces through the latent heat released in deep cumulus convection [4] , which could be attributed to the substantial production of latent heat and moisture from the adjacent ocean. The geographical environment of the tropics is endowed with some important features like high plateaus and equatorial rainforests which also contribute their own quarter of heat that influenced the tropical circulation [5] . These produced heats vary with latitude and longitude and also on both annual and, in oceans' case, non-annual scales. One consequence of these circulation patterns is that rainfall patterns in West Africa, where northern Nigeria is situated, show annual variation, and this fluctuation persists over a long period. Studies have revealed that variations in West African rainfall patterns are tele-connected with distant locations phenomenon like El-Nino [6] [7] .
Rainfall measurement in Nigeria which can be dated back to over a century ago, and there had been reports indicating some period in the past to have experienced low rainfall and drought conditions, a typical example is that of Sahelian droughts of late 1960s that lingered on till 1985/87 affected northern Nigeria, which had tremendous socio-economic impacts on the areas with pressure on available resources reported to be on the increase in the face of a fluctuating rainfall regime [8] .
Most of the drought events in the Sahel-Sudano region of northern Nigeria have been found to be associated with a delayed onset of the rainy season and early cessation of the rains, which results in drastic reduction of the length of the rainy season. For example, most studies within the Sahel region have shown a significant trend towards false onset, late or delayed onset of the summer rains over a period of three decades from 1969 to 1998 [9] - [11] .
Area of Study
The study area covers twelve synoptic stations (as depicted in Figure 1 below) in the Sudan-Sahel savannah region located in northern Nigeria between latitude 10˚N and 14˚N and longitude 4˚E and 14˚E, and lies immediately to the south of Sahara desert.
The climate of the zone is savannah type with alternating wet and dry seasons. The rainfall in this region is less than 1000 mm per annum in only about five months in the year, especially between May and October. Rainfall in this zone is highly variable and the onset of the rain is erratic. The rainfall intensity is very high between the months of July and August. There is intrazonal difference in the amount of rainfall received by the Sudan-Sahel savannah. The southern part receives more rain and is less variable compared to the northern section.
The gross features of rainfall patterns in this region, as in other parts of the country are usually in association with what is often called the Inter Tropical Discontinuity (ITD) [12] - [15] .
The movement of the ITD northwards across the country between January and August, and its retreat from the southern fringe of the Sahara desert, after August, cause much of Nigeria to experience seasonal rainfall [16] . The ITD itself is the boundary over the continent between the dry Tropical Continental (cT) air of northern origin and the moist Tropical Maritime (mT) air of southern origin. Within the mT air mass is enclosed a number of rainfall producing systems, such as the disturbance lines (especially the easterly waves), squall lines and the two tropospheric jet streams. It is the magnitude of these systems that influences the amount and seasonal distribution of rainfall over the region [17] .
Materials and Methods

Data Acquisition and Source
For this study, Landsat imagery for some selected parts of the study area as indicated in Figure 1 were acquired for three different epochs: 1986 (TM), 2000 (ETM+) and 2005(ETM+) from U.S. Geological Survey (Usgs) online (www.usgs.gov/). Also the meteorological data (monthly Rainfall amount in mm) was also obtained for climatic analysis over twelve synoptic stations across the study area for the period of 40 years (1970-2010) from Nigeria Meteorological Agency, Oshodi in Lagos (NIMET).
The study area and the boundary map carved out using the local government boundary map and Nigerian Administrative map on the scale of 1:15,140,906 were obtained from National Space Research and Development Agency, Abuja (NASRDA).
Methods of Analysis
Drought Analysis
For Drought analysis, Standardize Precipitation Index (SPI) for each station was determined using meteorological data (rainfall data) for period of 40 years on a time scale of five months which covers only the period of the raining season over the study area (Sudan-Sahel). SPI analysis was performed to evaluate and portray the event of meteorological drought over the study area using the equation below:
where σ i = standardized deviation for the ith station, X ik rainfall for the ith station and kth observation, and X i mean rainfall for the ith station. SPI values of equal to or less than −0.50 was set as normal weather condition while all SPI values below normal were taken to indicate the occurrence of drought and SPI values above normal shows no drought (wet condition).
The SPI values gotten from the SPI analysis for all the stations were later interpolated using the Inverse Distance Weighted (IDW) interpolator in ArcGIS 9.3 environment. The interpolated maps are thus reclassified into different drought severity classes using the threshold SPI values adapted from Mckee et al. (1993) as shown in Table 1 and finally obtained Drought Spatial Pattern Map.
Vegetation Response Analysis
The satellite imagery downloaded has already been corrected from the manufacturer radio-metrically and geometrically to raster image (Geo-tiff). The images coordinate is in projection coordinate (WGS_84).
Maximum likelihood method of image classification was implored in Ilwis 3.5 environment to generate Land Cover (LC) image comprising of vegetation cover types which is a prime indicator of drought condition since the survival of vegetation in the absence availability of water in the soil is impossible. LC image for respective epoch considered in this study was obtained.
Normalized Differential Vegetation Index (NDVI) calculation was performed to find out the changing pattern of the vegetation during the selected period of this study due to satellite data available (1986, 2000 and 2005) . The following algorithm developed by Rouse et al. (1974) [19] was used for the NDVI computation.
where: NIR and R is the reflectance in the near-infrared (band4) and red (band3) portion of Electromagnetic spectrum respectively. In order to generate Greenness Index (GI) map, the resulted NDVI maps were classified in ArcGIS 9.3 environment using the threshold NDVI values in Table 2 .
Results and Discussion
SPI Analysis
The resulting SPI values for each of the meteorological stations from SPI analysis were plotted against each respective year considered in this study and presented in Figure 2 . Figure 3 and Figure 4 revealed the variation in the resulted SPI value at each station in Sahel Savanna and Sudan Savanna over the years of the study. It could be noted that drought started manifest over Sokoto and Maiduguri station in the year 1971 as their trends was found below −0.5 line on the graph. The drought event has already spread across all the stations in Sahel and almost those in the Sudano part of the study area in 1973.
This abnormal climatic phenomenon (drought) was recorded over Gusau, Kano, Yelwa station in 1976, Potiskum in 1977 and over Yelwa in Kebbi State 1978. The result revealed that the drought occurrence was more frequent in the 1970s and 1980s; starting from 1971-1973 the drought occurrence was more intensified and cut across the whole region in the study area. In 1976 and 1977, another peak was found below the −0.5 line over Gusua-Kano station and Potiskum station respectively. This experience repeats itself in 1983 but is not as much as that of 1973. 1980s was generally recorded as years of drought episode, but the drought occurrence seems to be retreating in 1991 except that of Kastina station which persist till 1999. The years starting from 2000 till 2010 was found to be drought free year all over the stations in the study area except Kano, Kaduna and Bauchi station.
Drought Spatial Pattern Maps
Some modeled years were selected and their respective SPI values over the meteorological stations within the study area were further processed using the threshold values to generate a Drought Severity Distribution Map of the study area as shown in Figures 5-7 .
Figure 5(a) shows that 1973 was a dry year as drought severity varies across the study area and it could be noted that the case seems to be very serious in the Sahelian-States as the whole region experienced dry condition and most states considered in Sudano part of the study area was also left in drought condition except Kaduna. Figure 5(b) shows the SPI spatial pattern over the study area for 1976, and the map revealed that near normal condition prevailed over the most part of the study area. Though, abnormal climate conditions ranged from abnormally dry to severe drought condition were still observed over some minority stations like yelwa, gusua and kano.
Figure 5(c) shows that, the improvements in climatic condition over the study area still persist. Figure 5(d) shows the SPI spatial pattern over the study area for 1983, and the map revealed that 1983 was another year of drought episode as most serious drought condition (Exceptional drought) was experienced over Borno state and this was accompanied by Extreme, severe, and moderate drought condition cutting across the other part of the state. Extreme drought condition was recorded over Nguru station in Yobe state, some part of Jigawa state, Kastina and Kano state. Moderate drought condition also cut across Kastina, Kano, Jigawa and Yobe state. Abnormally dry condition was experienced over parts of Sokoto, Kebbi, Kastina and Yobe state. Finally, near normal condition was recorded over Sokoto, Kebbi, Zamfara, some minor part of Kastina and Kaduna. Figure 6(a) shows the SPI spatial pattern map for 1987 over the study area, the legend depicts that the year 1987 was another year a drought occurrence was well pronounced over the study area. The most serious of all Abnormally dry condition and near normal seems to be advancing into the region (study area) as it appeared on the map over Kaduna, Zaria station and it's environ. Figure 6 (b) depicts the spatial extent and pattern of each drought classes that manifested over the study area in 1990. This map revealed that the near normal drought condition that was evidence over kaduna and zaria station in 1987 had advanced into more space with time over the study area. The whole of Borno, Yobe, Jigawa, Kano, Bauchi, Zamfara and Kebbi states were still left in drought condition but there is reduction in the drought intensity over the meteorological stations in the mentioned state. Figure 6 (c) revealed the drought case over the study area in 1993; the legend depicts that there was a drastic change on the drought occurrence over the study area. Near normal condition was found to be wide spread and cut across the whole region, major part of Zamfara, and some part of Kaduna Kastina bauchi, Borno state were found to be under influence of wet condition. Although some part of Kastina, kaduna state and part of Borno state was still under drought condition. Figure 6(d) shows the resulted SPI spatial pattern over the study area for the year 1996, it could be noted from the map that drought condition has reduced tremendously over the study area. Only minor part of Kastina state was recorded to be under the influence of drought condition.
The drought spatial pattern maps of the modeled years considered for covered study period in the 21 st century depicts there was an obvious improvement in precipitation (rainfall) over the area of study. Figures 7(a)-(c) show that wet condition had return to most part of the study area except bauchi that was still left in drought condition but the dryness still persist over kaduna station till 2009. Figure 7(d) shows there is drastic reduction in rainfall over the study area and drought event manifest in some part of the study area including kaduna station but resulted graph plotted for SPI analysis shows that the whole region was left in wet condition. Figure 8 shows the Normalized Differential Vegetation Index maps over each of the selected part of the study area. These maps were later classified in ArcGIS 9.3 using threshold values on Table 2 to obtain the Greenness Index Maps as shown in Figure 9 .
Vegetation Cover Index Maps
It could be noted for Figure 8 below that there is less vegetation across the three selected part of the study area in 1986 as two-third of the whole spatial extent was revealed to be cover with bare surface. Most of the river channels also appear as bare surface which simply means there is southward drifting of the white sands from the Sahara desert by Northeast trade wind and this could also has contributed to depletion of vegetation in the study area (Sudan-Sahel).
Greenness Index Map also pointed to the fact that the built up area have almost similar reflectance's in both the Near-Infrared band and Visible or red band as they always revealed negative NDVI value.
Land Cover Distribution Maps
Land use/Land cover geo-analysis for selected part of Kano and Borno was carried out in order to show the spatial extent to which, not only the drought occurrence has impacted but the contribution of anthropogenic activities in the selected geographical region to vegetation depletion. This become highly imperative in vegetation response analysis to drought in geographical location since vegetation depletion could be as a result of drought event or daily activities of the inhabitants of that location.
Classified Landsat images for 1986, 2000 and 2005 over selected part of Kano State (Figure 10 ) revealed the spatial distribution and extent of each of the Landuse/Landcover categories over the three different years considered for this study. These images simply revealed the change in the vegetation cover (the green tone), water bodies (the blue tone) and other features as depicted on their respective legend. Table 3 contained the Landuse/Landcover (LULC) result for selected part of Kano State; the result was converted into percentage ( Table 4 ) and average to determine the rate at which of the land cover category has change over the time. All the results gotten from the classified images were shown on Table 3 and summary in Figure 11 (chart) for easy interpretation. The result shows that there exists a change in each of the LULC categories considered in this study with in the years of study. Dense vegetation which formed the original vegetation cover of the study area actually decreased from 2.15% in 1986 to 2.02% in 2000 which might be due to Figure 11 . Percentage area of the land cover categories for 3 diff. years considered over Kano. shows that there must have been reduction in agricultural practices in this region due to the effects of drought. Also settlement has reduced from 8.37% in 1986 to 5.8% in 2000 which simply indicate the reduction in the populace of the area which might also due to increase in emigration and high mortality rate in the region. There is increase in water body (0.37% in 1986 to 0.49% in 2000) which shows that the drought intensity has really reduced towards year 2000 and beyond. The year 2000, from the results seems to be drought free year. Figure 12 was the classified Landsat images for 1987, 2000 and 2005 over selected part of Borno State. These images simply revealed the change in the vegetation cover (the green tone), water bodies (the blue tone) and other features as depicted on their respective legend. Table 5 and Table 6 below show the magnitude of the spatial extent and change that occurred on each of the land cover types present on the Landuse/Landcover map (Figure 12 ) over the years considered for this analysis (1987, 2000 and 2005) . Figure 13 is the summary of whole information contained in Table 5 and Table 6 . It could be noted that the vegetation cover types actually increased towards 2005 from 1987.
Clearly, the bare surface depreciated from 71.99% in 1987 to 62.39% in the year 2000 and later to 44.38% in 2005, which simply indicates that more exposed surfaces were covered by vegetation due to improvement in rainfall.
It could also be inferred from the histogram that the settlement (or built-up area) actually appreciated from 2.53% in the year 1987 to 3.01% in 2000 and later depreciated to 1.05% in 2005 despite the improvement on the rainfall and vegetation of the region which encourages agricultural activities. It could also be noted that the spatial extent covered by water body in 2005 drastically increased from 0.32% to 5.12% in 2005, which simply agreed to the fact that there is increment in the amount of rainfall in the region and is also in accordance with the result of standardize precipitation index (SPI) analysis carried out over the region which showed the location as a drought free area for that particular year (2005). The 2005 classified image for Borno (Figure 12) shows that wet land is evident in the northern part of the image which is actually close to the chad basin.
Conclusions
Analysis is performed over the study area, Sudano-Sahel region in Nigeria which has a characteristic single peak rainfall distribution throughout the year experienced many years of drought episodes. This had in turn terribly influenced the standard of living of the people within the area as their major source of income (agriculture) is rain-fed. Also the Vegetation Cover map depicts decrease in settlement in 2000 relative to 1986 which simply means reduction in the population of people living in that region which might be due to increase in mortality rate, migration out of the region and low fertility rate. The drought episodes of 1983 and 1987 over Maiduguri and the extreme edge of Sokoto respectively seemed to be the most serious occurrence throughout the years of this study and it was confirmed to have claimed many live stocks, even lives of the dwellers and left the regions in severe dry condition. But later in 1990s the dryness started to reverse as near normal condition was seen to be spreading over the area towards 2000 which shows the return of rainfall to the region. 2000 was wet year over most part of the Sahel as depicted on drought spatial pattern map for 2000 and it was also shown by the vegetation cover map as the water body had increased in 2000 relative to 1986.
The result gotten from Drought and Vegetation Response analysis in 1986, confirmed that whenever there is drought outbreak, vegetation respond by depreciating in growth due to insufficient or availability of plant available water in the soil. As the drought persists over a long period of time, it definitely results in vast reduction in floral population in an ecosystem which may also leads to increase in spatial extent of bare surface, decrease in fauna population as the region would no longer be conducive for living.
